A number of lines of investigation have clearly shown that the two covalently bound haem groups of the cytoclironie cssI peroxidase from Pseudamonas aeruginosa are inequivalent. optically. magnetically and in terms of their chemical reactivity: Aasa etal. (198 I) , Ellfolk etal. (1983) and Foote et al. (1983) . Perhaps the most notable difference is the large difference between the redox potentials which are estimated t o be + 330 niv and -330 mv respectively. We have used a combination of low-temperature absorption and magnetic c.d. dichroism spectroscopy to study the nature of the photolysed and thermally recombined forms of cytochrome cssl peroxidase in different redox states. Fig. I shows the near-i.r. magnetic c.d. spectra, recorded a t 4.2 K and 4.9 T. of three enzyme species. namely halfreduced (a) . fully reduced ( b ) and fully reduced carbon monoxy (c). before and after photolysis. Extensive changes in all the spectra occur on photolysis. The porphyrinto-ferric iron charge-transfer band with a peak at 1450nin and shoulder a t 1250nm which we identify with the lowpotential haem, assigned t o have a bis-histidine ligand set, is however unchanged, showing that this haem is photosensitive and remains low spin. New bands between 600 and 1100 nni arise after photolysis due to a high-spin ferrous haem which, in the half-reduced form of the enzyme, can only be the high-potential haem. This high-spin (S = 2) statc is stable indefinitely at 4.2K but rewarming to a mininium of 20 K promotes a rapid ligand recombination. The photolabile ligand is most likely to be the inethionine residue and our results, with other c-type cytochromes, suggest that there may be a series of cytochromcs c with increasingly labile methionine ligands, i.e.
Horse heart < Ps. aeruginosa cSs1 < Ps. produced by low-temperature photolysis of the fully reduced enzyme. We interpret this t o indicate that only the high-potential ferrous haem is photo-sensitive and the lowpotential haem in the ferrous state is photo-stable. This interpretation is borne out by low-temperature absorption and magnetic c.d. spectra recorded in the visible region between 500 and 6 0 0 n m , where the low-spin ferrous spectrum of the low-potential haem persists after exposure to light. The low-potential haem in the ferrous state reacts rapidly with CO to form a low-spin CO adduct which can be broken down by light at room temperature. The anticipation was thus that in this derivative, both the highpotential haem and the low-potential carbon monoxy species would be photosensitive and at 4.2K would both break down t o yield stable, high-spin (S = 2) products. As Fig. l(c) shows, this expectation was not fulfilled and the high-spin ferrous magnetic c.d. bands correspond precisely to those of a single haem centre, the hgh-potential haem. In other words the CO ligand of the tow-potential haem cannot be held off the iron, thermally at 4.2 K. Since CO can be photolytically removed at room temperature we assume that it remains photolabile at 4.2K and that the recombination process even at this temperature is rapid. Such a mechanism would prevent observation of a relatively long-lived, high-spin ferrous low-potential haem at 4.2 K. This implies that quantum mechanical tunnelling of CO is relatively fast at 4.2 K . Quantum mechanical tunnelling, in which a particle passes through a classically impenetrable barrier, has been observed in the recombination of CO with protohaem IX, and in the scparated chains of haenioglobin and myoglobin (Alberding et al.. 1976) . The tunnelling rate depends upon the width of barrier and upon the mass of the tunnelling particle whereas thermal reconibination depends more on the height of the activation barrier. Our observation of rapid tunnelling at 4.3 K and very fast thermal recombination at 793 K are consistent with a low. narrow barrier towards recombination. This implies that very little constraint is placed upon the position of the proximal histidine group of the low-potential haem by the tertiary structure of the protein. Also, the deleterious effect of oxygen on the hydrogenase is investigated, by using 6JNi-and 59Fe-labelled enzyme. E. coli strain MRE 600 was obtained from the Centre for Applied Microbiology and Research, Porton Down, Wilts., U.K. For membrane preparation, bacteria were harvested after 18 ti growth on the batch medium of Elsworth et al. (1968) , modified by addition of 56.6ml of glycerol/l, lOOpCi of 59FeC12/1 (1.36nM) and 1OOpCi of @NiC12/1 (0.143pM). pH was adjusted to 6.8 before inoculation. Cell yield approximated 5.0 g/l, 63Ni uptake 2% and 59Fe uptake 75%.
Membranes were prepared from frozen cells by the method of Schnaitman (1981) . with three cycles of freezing and thawing in the presence of lysozyme and EDTA. The buffer used was 20 mM-Tris/HCl, pH 8.0.
For octyl-Sepharose chromatography, 10 ml of membranes were solubilized with 370 (w/v) deoxycholate, (NH4)2S04 added to 25% saturation, and the mixture centrifuged at 40000g for 20min. The supernatant was loaded onto a column (1.2cm x 12.0cm) of octylSepharose (Pharniacia Fine Chemicals, Uppsala, Sweden) equilibrated with 0.1 M-(NH4)2S04 at 6 0 ml/h. After washing with buffer alone. hydrogenasc was eluted with a 100 nil linear gradient of 0-3'% (w/v) deoxycholate.
Samples for polyacrylamidc-gel elcctrophoresis wcre mixed 1 : 1 with 6% (w/v) deoxycholate and incubated with shaking at 30°C for 1 ti. Electrophoresis was conducted in air at 4°C on 8%) rod gels i n ; I nun-denaturing systcni (Neville, 197 1). Gels were stained for hydrogenase activity (Adams & Hall. 1979) , then quickly frozen and cut into slices (2 nm). Slices were dried. then solubilized with 700 pl of 30% (v/v) hydrogen pcroxidc a t 90°C. Radioactivity was located by dual-label liquid scintillation counting. Duplicate gels were subjected to prolonged staining to ensure no additional bands appeared (Adams & Hall. 197<)).
Hydrogenase was assayed by measuring hydrogcn evolution from reduced Methyl Viologen (Adams & Hall. 1979) . Protein was determined by the method o f Lowry et al. (1951) . with fat-free bovine serum albumin as standard.
Membranes prepared from f : ' . coli grown on 63Ni and 59Fe were solubilized and the extract loaded onto a column of octyl-Sepharose. Seventy per cent of the hydrogcnasc activity loaded was eluted with 0.6%' deoxycholate, coincident with a band of radioactivity containing 63Ni and 59Fe.
The peak fraction was found to have a hydrogenase specific activity of 24.0 units/mg of protein, and sodium dodecyl sulphate/polyacrylamide-gel electrophoresis revealed eight protein bands. The peak fraction was used directly for non-denaturing gel electrophoresis.
The resulting gel profile (Fig. l a ) shows an aggregate of 63Ni and 59Fe proteins which d o not migrate into the gel, but the main band of 63Ni and 59Fe clearly corresponds to hydrogenase, with a n R , of 0.24.
The effect of oxygen on the metal content of the enzyme was investigated by exposing the preparation uscd above to air at 30°C for 2 4 h in the presence of 3% (w/v) deoxycholate. This resulted in a 55% loss of activity. When subjected to electrophoresis as before, the gel profile of Fig. l(b) was obtained. A major 63Ni and 59Fe band migrated to an R , of 0.24, representing active hydrogenase. However, though the 59Fe content of the enzyme seems largely unaffected by exposure to air, the 63Ni band was
